Hypothesis: Laparoscopic colectomy has significant advantages over open colectomy in the treatment of diverticular disease with respect to the length of hospital stay, routine hospital discharge, and postoperative morbidity and mortality. were selected from the 1998, 1999, and 2000 Nationwide Inpatient Samples. These databases represent 20% stratified probability samples of all US community hospital discharges. Sampling weights were used to allow generalization of the study findings to the overall US population. Multiple linear and logistic regression analyses were performed to assess the riskadjusted association between the surgery type and patient outcomes.
D
IVERTICULAR DISEASE is one of the most common disorders of the colon in elderly persons in Western countries. In North America, about one third of the people older than 45 years and two thirds of all persons older than 85 years have diverticular disease, 1,2 which leads to approximately 200 000 hospitalizations in the United States per year. 3 Consumption of a low-fiber diet has been identified as an important causative factor in developing diverticular disease. 1, 4, 5 For many decades, open colectomy has been the gold standard for the surgical treatment of acute or chronic diverticulits. The advent of endoscopic surgery and its success in laparoscopic cholecystectomy led to the idea of performing laparoscopic colectomy. In 1991, Fowler and White 6 performed one of the earliest laparoscopic sigmoid resections (LSRs). More than a decade later, however, the benefits of LSR are still controversial. Despite numerous retrospective medical record reviews and prospective observational studies comparing LSR with open sigmoid resection (OSR) in the treatment of symptomatic diverticular disease, a consensus concerning the relative advantages of each procedure has not yet been reached. Moreover, it is unknown whether LSR should be performed in the elderly population and in patients undergoing emergency surgery. The goal of this investigation was to compare the effectiveness of LSR with OSR in the overall population with diverticular disease, as well as in elderly and nonelectively admitted patients.
METHODS

STUDY POPULATION
Patients with primary International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes for LSR
ORIGINAL ARTICLE (45.76 and 54.21) or OSR (45.76) were selected from the 1998, 1999, and 2000 Nationwide Inpatient Samples (NISs). [7] [8] [9] Patients having primary diagnosis codes other than diverticulosis (ICD-9-CM code 562.10) and diverticulitis (ICD-9-CM code 562.11) were excluded from our analysis. Furthermore, patients with any diagnosis code of cancer of the sigmoid colon were excluded (eg, malignant neoplasm of the sigmoid colon, ICD-9-CM code 153.3). NISs are part of the Healthcare Cost and Utilization Project and each contains information of approximately 7 million hospital discharges from a sample of more than 1000 hospitals in 22 (NIS 1998) , 24 (NIS 1999) , and 28 (NIS 2000) states in the United States. The American Hospital Association's definition of "community hospital" ("nonfederal, short-term, general, and other specialty hospitals, excluding hospital units of institutions" (7[p4] ) was used to select hospitals for the Healthcare Cost and Utilization Project database. The NIS was developed by the Agency for Healthcare Research and Quality as a partnership among industry and federal and state agencies to analyze trends in health care utilization, cost, quality, and outcomes. The NIS databases provide demographic data, hospital admission and discharge dates, discharge status, preoperative risk factors, postoperative complications, and vital status of patients discharged from US community hospitals during 1998, 1999, and 2000. The procedure and diagnostic codes are classified according to the ICD-9-CM. The NIS databases represent 20% stratified probability samples of all US community hospital discharges. Sampling strata were used for the creation of the NIS based on 5 hospital characteristics to ensure maximal representativeness of the US populationgeographic region, ownership, location, teaching status, and bed size. Thus, the results of the present analysis can be extrapolated to the entire US patient population undergoing LSR or OSR for diverticular disease in the United States during 1998, 1999, and 2000.
MAIN OUTCOME MEASURES
Length of Hospital Stay
The length of hospital stay (measured in days) is defined as the difference between the date of admission and the date of discharge of the patient.
In-Hospital Complications
We examined all-cause, nonfatal in-hospital morbidity based on ICD-9-CM codes. Because the NIS databases contain inpatient data only and because patient data cannot be tracked longitudinally, complications occurring after hospital discharge were not included in our analysis. Complications were grouped into the following 8 categories: mechanical wound, infections, urinary, pulmonary, gastrointestinal tract, cardiovascular, systemic, and complications during the surgical procedure ( Table 1) .
In-Hospital Mortality
Vital status is a factor of the NIS databases. Because the NIS databases contain inpatient data only, deaths occurring after hospital discharge were not included in our analysis.
Rate of Routine Hospital Discharge
The NIS databases provide the following information about the patient's discharge status: (1) routine discharge, (2) shortterm hospital stay, (3) skilled nursing facility, (4) intermediate care, (5) another type of facility, (6) home health care, (7) left against medical advice, and (8) death. Patients who left the hospital against medical advice (n=7) and patients who died during hospitalization (n=454) were excluded when analyzing this specific end point. The remaining patients were dichotomized into routine discharge (NIS variable DISPUniform 1) vs nonroutine discharge (NIS variable DISPUniform 2-6).
STRATIFIED ANALYSES OF END POINTS
We assessed the association between surgery type and riskadjusted outcomes in stratified analyses for patients younger than 65 years (n=10952) and those 65 years or older (n=7492). Moreover, end points were assessed in the subset of elective patients (NIS variable ATYPE 3, elective) and patients undergoing nonelective surgery (NIS variable ATYPE 1, emergency; 2, urgent; 4, newborn; and 6, other). Stratified analyses were performed as age and admission type (elective vs nonelective) , hospital volume (total number of overall discharges per year), geographic region (Northeast, Midwest, West, or South), teaching status of the hospital (rural nonteaching, urban nonteaching, or urban teaching), and admission type (elective or nonelective).
STATISTICAL ANALYSIS
All statistical analyses were performed using Stata Version 7.0 (Stata Corp, College Station, Tex) and GNU-R (Open Software Foundation Inc, Boston, Mass). 12 Since the NIS databases are stratified probability samples of US community hospitals, calculations were adjusted for survey sampling characteristics (probability weights, cluster sampling, and stratification). We used weights for a 20% sample of the total survey population, stratified for hospital region, ownership, teaching status, and bed size and having the hospital as the cluster unit. Differences between LSRs and OSRs with respect to baseline sociodemographic, comorbidity, and other predictor variables were tested using t tests, 2 tests, and analysis of variance.
Multiple linear regression models were used to examine the risk-adjusted association between the type of sigmoidectomy and length of hospital stay. Length of hospital stay showed a right-skewed distribution and was modeled using both raw length of hospital stay and log-transformed length of hospital stay. Similar results were found and, thus, only the findings using the raw length of hospital stay are presented as logtransformations have been problematic in previous investigations. 13, 14 To assess the risk-adjusted influence of the type of procedure (LSR vs OSR) on the rate of routine hospital discharge, and the occurrence of overall and gastrointestinal tract complications, we used multiple logistic regression analyses. For other subsets of complications as well as for the assessment of mortality, the number of events were prohibitively small to support multivariable analysis. 15, 16 All models were adjusted for the patient's comorbidity, age, sex, race, annual income, hospital teaching status, hospital location, admission type, and hospital volume. For stratified analyses by admission type (elective vs nonelective) and age (Ն65 years vs Ͻ65 years), these covariates were dropped owing to multicolinearity.
To assess the influence of missing values for the covariates race and annual income on our results, we imputed missing values using expectation maximization algorithms. 17 Point estimates obtained by models with imputed variables were within a 10% range from the original models. Thus, models with imputed variables were deemed to be similar to models without imputing, and the results of the simplest models (without imputation) were reported.
RESULTS
These NIS databases contain information about 18444 patients undergoing LSR (n=709 patients [3.8%]) or OSR (n=17735 [96.2%]).
BASELINE CHARACTERISTICS
Patients had a mean age of 59.8 years; they were preponderantly white (89.1%) and female (54.0%). Eight thousand four hundred nine patients were operated on electively, whereas 8175 did not undergo elective surgery. Patients undergoing LSR were significantly younger (LSR, 53.0 years; OSR, 60.1 years), were more likely to be male (LSR, 52.4%; OSR, 45.7% male) with a higher income (mean income class: LSR, 3.30; OSR, 3.02), were less comorbid (mean Deyo index: LSR, 0.55; OSR, 1.73), and were more likely to be electively admitted (LSR, 62.9%; OSR, 44.9%). Compared with the OSR subset, patients undergoing LSR had fewer cases of hypertension, congestive heart failure, diabetes mellitus, coronary artery disease, and malignant neoplasms ( Table 2) . Two hundred sixty-one (57.5%) of 454 patients who died had a hospital stay shorter than 14 days, whereas 193 (42.5%) of 454 patients had a hospital stay of 14 days or longer. The unadjusted mean length of hospital stay was significantly shorter after LSR (5.7 days) than after OSR (9.32 days) (PϽ.001).
LENGTH OF HOSPITAL STAY
UNADJUSTED END POINTS
In univariate analyses, LSR was associated with a lower rate of in-hospital death (0.3%) than after OSR (2.5%) (PϽ.001) and a higher rate of routine hospital discharge (LSR vs OSR, 91.3% vs 70.9%; PϽ.001). The rate of mechanical wound complications (LSR vs OSR, 1.0% vs 2.0%; P=.04), pulmonary complications (LSR vs OSR, 2.5% vs 6.2%; PϽ.001), cardiovascular complications (LSR vs OSR, 0.7% vs 2.4%; P=.006), and overall complications (LSR vs OSR, 20.0% vs 29.1%; PϽ.001) were significantly lower in patients undergoing LSR ( Table 3) .
RISK-ADJUSTED END POINTS
After adjusting for other covariates ( 
END POINTS STRATIFIED BY ADMISSION TYPE
In stratified analyses (Table 5) , the mean length of hospital stay remained statistically significantly shorter in the LSR subset of electively (PϽ.001) and nonelectively admitted patients (PϽ.001). The rate of routine hospital discharge was significantly higher for elective (P=.001) and nonelective patients (P=.03) undergoing LSR. The overall complication rate was significantly lower in the subset of electively operated on patients undergoing LSR (OR, 0.53; 95% CI, 0.37-0.77; P = .001), whereas no significant difference between LSR and OSR was found for nonelective patients (OR, 0.87; 95% CI, 0.53-1.44; P=.59). Similarly, the advantage of LSR on gastrointestinal tract complications in elective patients (OR, 0.45; 95% CI, 0.25-0.80; P=.007) was lost in patients undergoing nonelective surgery (OR, P = .84).
END POINTS STRATIFIED BY AGE
In stratified analyses (Table 6) , mean length of hospital stay remained statistically significantly shorter in the LSR subset of patients younger than 65 years (PϽ.001) and those 65 years or older (PϽ.001). Similarly, the rate of routine hospital discharge was statistically significantly higher for patients undergoing LSR who were younger than 65 years (OR, 2.30; 95% CI, 1.40-3.77; P =.001) than for those 65 years or older (OR, 2.18; 95% CI, 1.12-4.24; P=.02). The overall complication rate was significantly lower in the LSR subset of patients younger than 65 years (OR, 0.61; 95% CI, 0.43-0.87; P=.006) while no statistically significant difference between those undergoing LSR or OSR was found for elderly patients (OR, 0.74; 95% CI, 0.42-1.31; P=. 29) . No statistically significant advantage of LSR on gastrointestinal tract complications was observed either in younger patients (OR, 0.60; 95% CI, 0.35-1.04; P=.07) or in elderly patients (OR, 0.58; 95% CI, 0.22-1.49; P =.26).
COMMENT
To our knowledge, this is the first analysis comparing length of hospital stay, postoperative in-hospital morbidity and mortality, and the rate of routine hospital discharge in patients undergoing LSR and OSR based on combined NIS databases. In our investigation patients undergoing LSR had a significantly shorter risk-adjusted mean length of hospital stay (LSR vs OSR, 7.47 vs 9.37 days; PϽ.001) and a higher rate of routine hospital discharge (OR, 2.21; 95% CI, 1.51-3.21; PϽ.001) compared with patients undergoing OSR. After adjusting for other covariates, patients un- Laparoscopic cholecystectomy has been proven advantageous over open cholecystectomy with respect to length of hospitalization. 18, 19 Whether LSR has similar benefits for patients undergoing colectomy for diverticular disease is less clear. A Consensus Development Conference including 16 international experts for treatment and diagnosis of diverticular disease recently concluded that laparoscopic surgery is probably better than open surgery for length of hospital stay. 3 Most matched-control [20] [21] [22] [23] and prospective cohort 24 studies found LSR advantageous over OSR with respect to length of hospital stay. Other investigations comparing OSR and LSR procedures for different abdominal diseases confirmed this trend. [25] [26] [27] One large US multicenter clinical trial reported a statistically significant but clinically modest (5.6 vs 6.4 days) advantage of laparoscopic surgery for patients with colorectal cancer. 28 Another randomized controlled study from Germany reported a 1.5-day decrease in length of hospital stay after LSR (10.1 vs 11.6 days). 29 The variability of the published results regarding the length of hospital stay is considerable and may be due to a variety of factors. The current literature describes that the difference may be affected by hospital factors 30, 31 or social habits 32 rather than reflecting differences caused by the operative technique itself. Moreover, further discrepancies may arise from diverse health care policies in different countries or different regions within a country. For instance, while Kohler et al 21 from Germany reported a length of hospital stay of 7.9 days for patients undergoing LSR and 14.3 days for patients undergoing OSR, Senagore et al 24 in Ohio found the the length of hospital stay was 3.1 days for patients undergoing LSR vs 6.8 days for patients undergoing OSR, and Faynsod et al 20 in California found that the length of hospital stay was 4.8 days for patients undergoing LSR and 7.8 days for patients undergoing OSR. The shorter length of stay in patients undergoing laparoscopic surgery can be explained by decreased postoperative pain, 28, 29, 33 less fatigue, 29 and faster recovery of intestinal peristalsis. 20, 26, 33 In the present investigation, the risk-adjusted mean length of hospital stay was 1.9 days shorter for patients undergoing LSR than for patients undergoing OSR. This undoubtedly represents an important advantage of laparoscopic surgery, both from a clinical and economic perspective.
The question whether LSR reduces postoperative morbidity in patient with diverticular disease has been a matter of great debate. Some matched-control studies report similar occurrence in overall postoperative morbidity for LSR and OSR, 20, 25 while others found statistically significant differences. 21, 24, 34 The reported overall complication rates after LSR for diverticular disease ranges from 8.2% to 28%. 20, 21, 24, [35] [36] [37] [38] [39] [40] [41] The overall complication rate in the present study was 20.0% after LSR and 29.1% after OSR, and the risk-adjusted OR was significantly lower for LSR (OR, 0.64; 95% CI, 0.47-0.88; P=.007). Most overall complication rates in previous studies are lower compared with our results, potentially because of the performance of the procedures by well-trained surgeons in highly specialized centers. In our investigation, however, patients were drawn from all types of community hospitals, including teaching, nonteaching, urban, and rural hospitals. Some studies comparing LSR with OSR for diverticular disease found significantly fewer postoperative wound infections, 24 pulmonary complications, 24 urinary tract infections, 21 and ileus 24 after LSR. We found a significantly lower risk-adjusted rate of postoperative gastrointestinal tract complications (OR, 0.57; 95% CI, 0.35-0.93; P = .03) in patients undergoing LSR.
Most studies report no mortality after LSR or OSR. 21, 34, 35, 39, 40 A German-Austrian prospective multicenter study on 500 consecutive cases of laparoscopic colorectal surgery reported an overall mortality of 1.8%. 42 This percentage compares with a mortality rate of 0.3% in patients undergoing LSR and 2.5% in patients undergoing OSR in our investigation. In univariate analysis we found a significantly lower percentage of death in patients undergoing LSR compared with patients undergoing OSR. Adjusting for other covariates was, however, impossible as the number of events in the subset of LSR was too low to support multivariable analyses. 15, 16 In the present investigation risk-adjusted routine hospital discharge was significantly higher in patients undergoing LSR vs those undergoing OSR (OR, 2.21; 95% CI, 1.51, 3.21; PϽ.001). Patients undergoing LSR were 2.2 times more likely to be discharged routinely from the hospital compared with patients undergoing OSR. Similarly, other studies found statistically significant advantages of LSR over OSR when comparing inpatient rehabilitation, maintaining independent status at admission, and return to partial and full activity. 25, 26, 34, 43 The significantly higher percentage of routine hospital discharge is one of the most important findings of the present study. The quality of life and economic implications of loss of independence cannot be quantified through the present investigation. It can, however, be assumed that preoperatively independent patients who are forced to live in a nursing home after sigmoid resection are severely challenged, both from a qualityof-life and economic perspective.
It has been previously shown that laparoscopic colectomy is safe and cost-effective in patients undergoing elective surgery. 24, 34 The question of whether a laparoscopic procedure has advantages over laparotomy in emergency situations remains an enigma. Most recent re- Abbreviations: CI, confidence interval; LSR, laparoscopic sigmoid resection; OSR, open sigmoid resection. *Data are given as the mean length of hospital stay in days. Risk-adjustment has been made for age, sex, race, annual household income, comorbidity, hospital volume, hospital location, and hospital teaching status. The covariate age was dropped because of multicolinearity.
†Data are given as the odds ratio for LSR vs OSR. Risk-adjustment has been made for age, sex, race, annual household income, comorbidity, hospital volume, hospital location, and hospital teaching status. The covariate age was dropped because of multicolinearity.
ports that compare LSR with OSR included elective patients only or did not provide stratified analyses of elective vs nonelective patients. To our knowledge, there is no well-designed investigation that compared end points of LSR and OSR in patients undergoing emergency surgery for diverticular disease. We found significant advantages of LSR in electively and nonelectively admitted patients for length of hospital stay and routine hospital discharge. Gastrointestinal tract and overall complications were significantly fewer in elective patients. This advantage of LSR was lost in nonelective patients.
The safety and feasibility of laparoscopic colectomy has been proven in patients in the fifth and sixth decades of life. 35, 38, 44 It is, however, a matter of great debate whether laparoscopic surgery should be performed in elderly patients. Most studies did not stratify the findings by age as their patient numbers were too small for subset analyses. Tuech et al 34 compared elective laparoscopic with open colectomies for sigmoid diverticulitis in patients older than 75 years. The authors found that laparoscopic surgery had significant advantages with respect to length of hospital stay, postoperative morbidity, and inpatient rehabilitation. Other studies of elderly patients with preponderantly malignant disease found similar benefits of laparoscopic surgery. 26, 43 In our study, mean length of hospital stay was significantly shorter and the rate of routine hospital discharge was significantly higher for patients undergoing LSR, regardless of age. The overall complication rate was significantly lower in the subset of younger patients undergoing LSR (P=.006). The lower risk associated with LSR was not present in elderly patients (P= .29).
We would like to acknowledge the limitations of our study. First and most importantly, this is a large observational study and not a randomized clinical trial, and thus, patients undergoing LSR differed with respect to sociodemographics and comorbidities from patients undergoing OSR. However, even after risk-adjusting for patient and hospital level characteristics in multivariable analyses, LSR remained clearly advantageous over OSR for most outcomes under investigation.
Second, as our investigation is based on combined large administrative databases, it is possible that some procedures, diagnoses, and end points are miscoded. It can be assumed, however, that length of hospital stay, hospital discharge status, and vital status were adequately reported as these end points are not subject to subjective evaluation. Comparative analyses of the NIS databases with other databases concluded that the NIS databases perform very well and that NIS estimates such as in-hospital mortality and length of hospital stay are accurate and precise for both large groups ranging from the population of the United States, and small subsets with specific conditions. 45, 46 Moreover, miscoding is likely to occur similarly in both LSR and OSR subsets. The problem of miscoding can be assumed to be less pertinent while comparing the 2 groups.
Third, the NIS databases do not allow for identifying patients who were converted from LSR to OSR. Analogous to the intention-to-treat principle in randomized clinical trials, patients undergoing a conversion should be analyzed in the pool of laparoscopic procedures, since the laparoscopic approach was initially chosen. In the present investigation, we were unable to use the intentionto-treat principle, as conversions from LSR to OSR were coded as an OSR. This may have biased our results toward performance of LSR. It has been reported that the conversion rates are considerably higher in patients undergoing emergency surgery 22, 47 and in elderly patients. 48 In the present investigation, LSR had advantages when comparing length of hospital stay and routine hospital discharge regardless of admission status and age.
Fourth, the NIS databases allow the assessment of inhospital morbidity and mortality only. Complications and death that occurred after hospital discharge were not captured in the NIS databases. Because patients after undergoing LSR leave the hospital significantly earlier than patients undergoing OSR, it could be hypothesized that the rate of complications and death after LSR captured in the NIS databases is falsely low when compared with the rate of complications and death after OSR. We were unable to adjust for the possible distortion of findings in complication and mortality rate introduced owing to the difference in length of hospital stay between patients undergoing LSR and those undergoing OSR.
Despite the aforementioned drawbacks inherent to secondary data analyses, the present investigation has numerous strengths. To our knowledge, the sample size is larger than in any previous publications thereby enabling us to reach conclusions with great confidence. Equally important, the findings of our analyses are based on real-world data, as the NIS databases are representative of the entire US population and show the effectiveness of LSR and OSR. This is opposed to randomized clinical trials that are subject to selection bias and assess the therapies' efficacy. 49 
CONCLUSIONS
We have shown that LSR has significant advantages over OSR with respect to length of hospital stay, rate of routine hospital discharge, and postoperative in-hospital morbidity. The advantage of LSR remains clinically and statistically significant in elderly and nonelectively admitted patients for length of hospital stay and routine hospital discharge. To our knowledge, this is the first investigation comparing end points after LSR and OSR based on a representative US nationwide database. Our findings may have important health care implications, not only resulting in clinical patient benefit but also in lowering hospital costs. Exponentially increasing health care costs have stimulated a massive health care reform effort seeking cost containment. It is imperative that health care professionals make fiscally prudent decisions, as the present environment necessitates a critical appraisal of apparently equi-efficacious therapeutic modalities. However, all aspects of LSR and OSR must be compared, including postoperative pain, patient's quality of life, missed days of work, procedural costs, total costs, and long-term complications. The present investigation based on representative US nationwide patient samples is only the first step in assessing all of these aspects. Further analyses to evaluate the aforementioned end points are required to define whether LSR should be considered the treatment of choice in patients with diverticular disease.
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